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Tetralogy of Fallot (TOF) is one of the most common congenital heart lesions and is the most common defect causing cyanosis in infancy.
The improvement in outcomes for this lesion is considered one of the greatest achievements in the field of pediatric cardiac surgery. Initial care was focused largely on palliating infants and young children until such time as a complete definitive surgical repair could be undertaken. However, over time, there was a movement toward correcting TOF in infancy. Currently, the standard is for almost all children with TOF to undergo primary repair in infancy. The use of palliative aortopulmonary shunts is less common. Although it is institution dependent, data from the Society of Thoracic Surgeons would suggest that less than 20% of patients have a palliative procedure prior to undergoing complete repair in infancy. 1 The rationale for complete repair in infancy is that it avoids potentially long-term cyanosis. Early repair is postulated to improve ventricular function by reducing fibrosis and hypertrophy of the right ventricle over time. Outcomes for infant repair of TOF are excellent.
The supposition is that the long-term outcome following repair of TOF will be favorably impacted by complete repair in infancy. Given that assumption, a number of investigators over the years have attempted to determine the direct impact of age at surgical repair in TOF on subsequent exercise outcomes. A study by Mahle and colleagues in 2002 did not demonstrate an association between complete repair in infancy and subsequent aerobic capacity in early adolescence (age: 12.5 years). 2 The present study by Powell and colleagues examined a cohort of patients operated on over a 40-year period. 3 They assembled a convenience sample for exercise testing performed in early adolescence (age: 12.1 years). In their analysis, younger age at surgery was associated with better exercise performance as measured by percentage predicted oxygen consumption.
There may be many reasons why the literature may be mixed and understanding the association of age of repair on exercise may be complex. First, it should be recognized that TOF can be relatively heterogeneous with various degrees of subpulmonary stenosis. Moreover, the surgical techniques have evolved and continue to evolve for TOF, motivated at least in part by a desire to prevent long-term deterioration of the RV. In this series, the majority of infant repairs were done via ventriculotomy, whereas in the group repaired beyond one year of age, the majority were done by transatrial approach. This may have a rather significant impact on subsequent exercise performance.
Ventriculotomy has been associated with a higher risk of subsequent arrhythmias and could lead to increased scarring in the right ventricle, which in turn could impact exercise performance. The investigators attempted to account for this by analyzing the era of surgery as a separate variable. Even within these surgical techniques, there can be some variation. Certain surgeons have advocated an infundibular sparing response. 4 Moreover, surgeons will vary in terms of degree of subsequent subpulmonary stenosis that would be tolerated after repair. 5 The thought is that a larger incision in the infundibulum would help to relieve outflow tract obstruction, but might do so at the cost of ventricular performance. This paper certainly could reassure the community and would support the idea that infant repair may be the best approach. In truth, the horse has largely left the barn for this clinical question. Very few centers would choose to delay surgery beyond a year in the current era. The surgical outcome for infant repair is excellent with very low mortality and increasingly shorter hospital lengths of stay. One key element that was left out of the present analysis was the impact of surgical technique on the need for pulmonary valve replacement (PVR). As this is a convenience sample, it is possible that changes in the surgical technique could significantly impact the need or the timing of pulmonary valve replacement in TOF repair. In addition, there has been a heavy push toward the so-called "valve sparing" surgery. Although generally considered to be favorable for the patient, it may come at the cost of residual outflow tract obstruction. This also could have significant impact on exercise performance.
Patients with TOF may overestimate their physical capabilities while underreporting limitations. Perhaps not surprisingly, there is a concern that patients with repaired TOF may never have experienced "normal" function and a decline in physical capacity may be imperceptible until it is severe. Consequently, cardiopulmonary exercise testing (CPET) is used to provide objective, reproducible, and repeatable assessment of the cardiovascular, respiratory, and muscular systems. It has been shown to have some prognostic value in adult patients with congenital heart disease and is recommended every few years (class of recommendation IIa). 6 A relatively recent investigation by Babu-Narayan et al 7 looked at 220 adults, 154 of whom had CPET testing done prior to PVR following TOF repair. They found that several CPET parameters were associated with early mortality, including lower peak _ VO 2 , _ V E/ _ V CO 2 , and heart rate reserve; among these, peak _ VO 2 was the strongest predictor on multivariate analysis. They therefore endorsed the routine use of preoperative CPET to help predict surgical outcome. Indeed, a progressive reduction in objective exercise tolerance is one criterion (of four) by which current guidelines suggest performing PVR. 6 Collectively, we continue to gather important data about TOF outcomes. Exercise performance is determined by many factors, of which timing of initial complete repair is one. The present paper certainly endorses the most common surgical approach among contemporary programs. Hopefully, it adds to a body of literature that looks at timing of repairs as well as the many factors highlighted above in order to define an optimal pathway and approach for TOF repair. Many consider surgical repair of TOF to be the cornerstone upon which congenital heart surgery as a field developed. Hopefully, this intriguing and important collection of patients continues to shine a light on many interventions we undertake, making sure we move beyond just surgical mortality to consider long-term outcomes including exercise performance. Powell and colleagues are to be congratulated for further stimulating this conversation and adding important contribution to the literature.
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